Reflection Characteristics of Smooth Impermeable Slopes
Battjes [8] identified the surf similarity parameter ξ as a critical parameter affecting the reflection characteristics of sloping impermeable slopes with slope angle α under incident monochromatic waves. It can be expressed mathematically as:
In this equation, H, and T represent the significant wave height and the wave period of the monochromatic wave, respectively. Values of ξ ≤ 2.3 are correspond to breaking waves while for ξ ≥ 2.3 non-breaking waves occur. The equation showing a simplified relationship between the reflection coefficient K r and the breaker parameter ξ of breaking monochromatic waves has also been described in the same study (Battjes [8] ), and is:
This expression is only valid for breaking monochromatic waves ξ ≤ 2.3 as illustrated by Figure   80 1. In Seelig and Ahrens [10] , a modified version of Equation (2) has been presented. The modified 81 relationship between the reflection coefficient K r and the breaker parameter xi is presented in Equation
82
(3):
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A more accurate expression was also proposed based on several experimental studies that were 88 performed to describe the reflection behaviour of other sea defences, including revetments, beaches 89 and breakwater. These expressions consider both the peak period of irregular waves and the spectrally 90 determined breaker parameter ξ m−1,0 . These are described in Equation (4a and 4b) below:
Equation (4b) is valid for 1.0 ≤ ξ m−1,0 ≤ 6.2 and sloping seawalls with 1.5 ≤ cot α ≤ 2.5 respectively.
92
Zanuttigh and van der Meer [2] proposed a revised version of Equation 4(b) from over 4000 reflection coefficient experimental test results. This can be generally expressed as: equipped with an active wave absorption system to minimize the wave reflection from the wave board.
101
Each test was performed in this wave tank by applying an energy-conserved bimodal spectrum ( Figure   102 2 Figure 2 . (a) An example of the bimodal spectra (b) Shifting patterns of swell peak periods from 11-25 secs [19] .
We refer to a sea state that has a fixed amount of energy but varying proportions of swell and 104 wind sea as 'energy conserved' bimodal waves. The extremes of these conditions are 'pure wind sea' at one end and 'pure swell' at the other; with both cases resulting in a unimodal spectrum. For each 106 test, sequences of 1000 random waves were generated. 107 Figure 3 shows the experimental set-up of an impermeable sloping seawall constructed of 108 aluminium. The construction had a fixed 1:20 beach with a separate section that allowed seawalls of 109 different slopes to inserted. Three different slope angles (Cot α = 1.5, 3, 0) were investigated at three 110 different water levels. Detailed wave conditions and hydraulic parameters tested in this study are 111 given in Table 1 . A total of 823 bimodal wave conditions were tested to examine the influence of slope, 112 swell peak periods and swell percentages on the reflection performances of the impermeable seawall. length of discarded portions were 60 seconds at the begining and 120 seconds at the end. Bandpass 129 filtering were applied to isolate the frequency band of 0.33 f p ≤ f p ≤ 3 f p . In Eq. (6), h is the offshore water depth, and T m−1,0 represents the spectral wave period. Also, the 143 wave steepness S m−1,0 can be defined in terms of the dimensionless ratio of the spectral wave height 144 H m0 and the wave length L m−1,0 obtained from Eq. (7):
Similarly, the surf similarity parameter ξ m−1,0 can be estimated from Eq. (8): fit for the relationship between K r and ξ m−1,0 in bimodal seas.
Influence of Water Depth Variations 182
In this section the influence of water depth, h/L, on reflection coefficient, K r , was investigated 183 across three slopes (i.e., cot α = 0.0, cot α = 1.5 and cot α = 3.0 ). Figure 6 presents these results for 184 all the datasets acquired during this study. Generally, for the steep (cot α = 1.5) and the mild sloping 185 (cot α = 3.0) seawalls, it is found that the value of K r decreases with increasing relative depth h/L. for observations recorded in this study as shown in Figure (7) . It forms completely similar correlation 198 with the influence of water depth observed in previous section. However, the vertical seawall totally 199 deviated from this theory in both cases.
200
The K r performance of vertical seawall as shown in Figures (7-8) suggests that vertical seawalls 201 would provide a more valuable protection to cities, harbours or ports as previously prescribed in Accurate selection of sizes of crest freeboard R c /H m0 is an essential requirement for designing 205 coastal seawalls against wave overtopping and to serve as flood barriers. Reliable prediction of 206 reflection characteristics K r of a coastal seawall suitable for selected R c /H m0 is also key. In Figure   207 8, K r is presented in terms of only R c /H m0 across three seawall slopes. It can be seen that K r is 208 directly proportional to values of R c /H m0 . As the crest freeboard increases, values of K r also gradually 209 increases. It implies that as crest freeboard reduces, there are more wave overtopping and tendencies 210 for reflection reduces altogether. Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 January 2020 doi:10.20944/preprints202001.0061.v1
Reflection Coefficients of Steep Slopes Under Bimodal Waves

212
In order to establish an improved formulation for the reflection coefficient K r for bimodal sea 213 conditions, a more detailed analysis of the results were performed. Figure 9 presented a more detailed 214 relationship obtained by performing non-linear regression analysis of the results between K r and 215 ξ m−1,0 across each slope for the bimodal cases. Based on multiple regression analysis of the observed datasets, predictive equation that considers effects of reflection due to bimodal waves are proposed. The equation contains two corresponding calibration coefficients applied in defining K r of different impermeable slopes. It can only be applied for Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 January 2020 doi:10.20944/preprints202001.0061.v1
sloping seawalls under bimodal sea conditions. The coefficients are slightly modified from Zanuttigh & van der Meer [2] . For simplicity, a more general form of Equation (5) can be written in terms of coefficients a and b presented in Equation (9):
As a general rule of conditions for bimodal seas, values of a and b can be simplified:
To assess the suitability and conformance of the new formulation, a correllation assessment of the than Equation (5). It is under-predicting K r under the bimodal cases most especially with increasing 228 gentle slopes. The present formulation (Equations (10-11)) will be applicable at locations exposed wave signals from four number wave gauges into frequency components in the frequency domain.
240
The analysed reflection response of the studied coastal seawall is highly dependent on the seawall 241 slope and wave bimodality. The resultant reflection coefficient also increases with swell peak periods 242 and swell percentages. From the results of the reflection tests are presented and analysed in this paper 243 yielding an improved empirical formula to determining reflection under bimodal sea conditions. New 244 expressions for the reflection coefficient to take into account swell driven seas with wave bimodality 245 have been proposed. 
